ABSTRACT A large extension of the Sextans dwarf spheroidal galaxy, 7 sq degrees, has been surveyed for variable stars using the Dark Energy Camera at the Blanco Telescope in Cerro Tololo Inter-American Observatory, Chile. We report 7 Anomalous Cepheids, 199 RR Lyrae stars and 16 dwarf Cepheids in the field. This is only the fifth extra-galactic systems in which dwarf Cepheids have been systematically searched. Henceforth, the new stars increase the census of stars coming from different environments that can be used to asses the advantages and limitations of using dwarf Cepheids as standard candles in populations for which the metallicity is not necessarily known. The dwarf Cepheids found in Sextans have a mean period of 0.066 days, and a mean g amplitude of 0.87 mags. They are located below the horizontal branch spanning a range of 0.8 mag, between 21.9 < g < 22.7. The number of dwarf Cepheids in Sextans is low compared with other galaxies such as Carina, which have a strong intermediate-age population. On the other hand, the number and ratio of RR Lyrae stars to dwarf Cepheids is quite similar to Sculptor, a galaxy which, as Sextans, is dominated by an old stellar population. The dwarf Cepheid stars found in Sextans follow a well constrained Period-Luminosity relationship with an rms=0.05 mag in the g band, which was set up by anchoring to the distance modulus given by the RR Lyrae stars. Although the majority of the variable stars in Sextans are located toward the center of the galaxy, we have found 2 RR Lyrae stars and 1 Anomalous Cepheid in the outskirts of the galaxy, which may be extra-tidal stars and suggest this galaxy may be undergoing tidal destruction. These possible extra-tidal variable stars share the same proper motions as Sextans, as seen by recent Gaia measurements. Two additional stars which we initially classified as foreground RR Lyrae stars may actually be other examples of Sextans extra-tidal Anomalous Cepheids, although radial velocities are needed to prove that scenario.
1. INTRODUCTION Below the horizontal branch (HB), an interesting group of pulsating variable stars can be found. These stars, named δ Scuti (Sct) if metal-rich or SX Phoenicis (Phe) if metal-poor, have an important property: they follow a Period-Luminosity (PL) relationship (Sandage & Tammann 2006; McNamara 2011 , and reference therein) and thus they could be used, in principle, as standard candles with precision similar to RR Lyrae stars (∼ 5 − 7%). These stars can also be numerous. The Large Magellanic Clouds (LMC), for example, contains a couple of thousand of them (Garg et al. 2010; Poleski et al. 2010) , while the Carina dwarf Spheroidal (dSph) galaxy have ∼ 400, about 5 times the number of RR Lyrae stars in that galaxy (Vivas & Mateo 2013; Coppola et al. 2015) . In the LSST era, these pulsating stars will be found to large distances and motivates further study of their properties to understand their use and limitations as extra-galactic standard candles and as tracers of structure within the halo of the Milky Way.
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The naming of the δ Sct and SX Phe type of variables stars has not been without controversy in the past (see Catelan & Smith 2015 , for an extensive discussion). In this paper we will use the term Dwarf Cepheid (DC) to refer collectively to the High Amplitude δ Sct stars, or HADS, and the SX Phe variables (following other works such as Mateo 1993; Vivas & Mateo 2013) . The reasoning behind the use of this nomenclature is that both stars occupy the same region in the HertzsprungRussell (H-R) diagram and, because dSph galaxies can contain a mix of stellar populations, it is not easy to know if, in these systems, those variable stars belong to a Population I (hence, if they are δ Sct stars), to a Population II (hence, if they are SX Phe stars) or to a mix of both. Furthermore, both type of stars share similar pulsational characteristics (Balona & Nemec 2012) , and, particularly important in the context of this work, they seem to share the same PL relationship (Cohen & Sarajedini 2012) . On the other hand, the evolutionary status of HADS and SX Phe stars could not be more different. HADS are thought to be main sequence stars that lie within the instability strip, while SX Phe stars are blue stragglers from old populations and have reached that position in the H-R diagram through binary evolution. Cohen & Sarajedini (2012) suggested that the PL relationship of DC does not depend on color or metallicity. Their PL relationship was constructed by joining DC stars from galactic globular clusters and a few extragalactic systems (LMC, Fornax and a small sample from Carina known at the time of that work); that is, it contains both HADS and SX Phe stars. The dispersion in the resulting PL relation is relatively large, ∼ 0.1 mag, although the authors claim that part of the scatter may be due to calibration differences between the multiple data-sets used in their work. In any case, it is an encouraging result that these stars may be used as distance indicators even for systems or populations for which the metallicity is not known. However, more systems with DC stars coming from different environments (age, metallicity, star formation histories) are needed in order of confirming a general use of such PL relationship. In this respect, the dSph galaxies contain stars that inhabit a different age/metallicity range than found anywhere else in the Galaxy and so offer the chance to study DC (and other variables) from unique and otherwise hard to study populations.
A previous study in Carina (Vivas & Mateo 2013 ) has raised several interesting points: (i) Carina is very rich in DC stars. It has the highest specific frequency of DC among the other extra-galactic systems and the globular clusters of the Milky Way; (ii) There seems to be a fundamental difference between the DC population in dSph galaxies and the galactic field. While high amplitude DC are extremely rare in the field (Balona & Nemec 2012) , they are at least 100× more frequent in Carina. (iii) There are important differences observed among the properties of the DC population of Carina, Fornax and the LMC which may be a reflection of a metallicity spread, depth along the line of sight, and/or different evolutionary paths of the DC.
In this work we search for DC stars in another of the dSph galaxies around the Milky Way, Sextans. Our main goal is characterize the DC population in this galaxy and increase the number of such stars in extragalactic systems. We will defer the derivation of a unique PL relationship for a future paper once other galaxies in our program have been surveyed.
Sextans is a low luminosity system located at 86 kpc from the Sun, similar to the distance to Carina. But, contrary to Carina, it has an older population and a much lower surface brightness. It does not have a strong intermediate age population although there is evidence of continuous star formation in the last ∼ 8 Gyrs (Lee et al. 2009 ) and a significant spread in metallicity (Battaglia et al. 2011) . Numerous stars in the blue straggler region have been observed in Sextans (Mateo et al. 1991 (Mateo et al. , 1995 Lee et al. 2009 ). These are the stars that are located in the instability strip and may be pulsating as DC. The search for variable stars in Sextans has been limited in the past due in part to its large extension in the sky (its tidal radius is ∼ 83 − 120 , Irwin & Hatzidimitriou 1995; Roderick et al. 2016; Okamoto et al. 2017; Cicuéndez et al. 2018 ). Prior to this study, no DC stars were known in this galaxy, and even the census for brighter variable stars such as RR Lyrae stars was incomplete (Mateo et al. 1995; Amigo 2012; Medina et al. 2018 ). Here we take advantage of the large field of view (FoV) of the Dark Energy Camera (DECam, Flaugher et al. 2015) to search for variable stars in a large extension of the Sextans dSph. This paper is structured as follow. In §2 we describe the observational strategy to find DC stars in Sextans and discuss the methods used for reducing the data and obtaining photometry. We search for variable stars in §3. Although the focus of this work is the DC stars, other types of pulsating stars such as RR Lyrae stars and Anomalous Cepheids were also found and characterized. The large spatial coverage in our survey allow us to explore the existence of possible extra-tidal variables in Sextans ( §4). The distance to Sextans from its RR Lyrae stars is derived in §5. Then, in §6, we derive a PL relationship for DC stars in Sextans by anchoring to the distance modulus obtained by the RR Lyrae stars. Finally, we discuss and compare the properties of DC stars in Sextans with the ones known in other extragalactic systems in §7. Concluding remarks are given in §8.
2. OBSERVATIONS DC stars are faint pulsating stars located in the instability strip, ∼1.5 to 2.5 magnitudes below the HB. Since the Sextans HB is located at g ∼ 20.5, we expect the Sextans DC stars to have magnitudes g between 22 and 23. The other important property of DC Irwin & Hatzidimitriou (IH95, 1995, magenta) , Roderick et al. (R16, 2016, black) , Okamoto et al. (O17, 2017, blue), and Cicuéndez et al. (2018, green) .
stars necessary for planning the observational campaign is their pulsational periods. They have very short periods, 0.1 days, with peak close to 0.06 days, or 1.4 hours (Breger 2000) . In consequence, for distant systems such as Sextans, medium/large aperture telescopes are required since exposure times should be kept short so they do not cover a significant fraction of the pulsation period.
DECam is an ideal instrument to pursue a survey for DC stars in Sextans. Not only it has a large FoV (3 sq degrees) but also it is installed in a 4m telescope, the Blanco Telescope at Cerro Tololo Inter-American Observatory, Chile. We observed 3 fields with DECam which cover a large extension of the galaxy (Figure 1 ). The determination of the size of the Sextans galaxy has been quite controversial. In Figure 1 we show the location of the observed DECam fields together with the King's core radius (r c ) and tidal radius (r t ) of Sextans determined by different works. Using DECam, Roderick et al. (2016) suggested a tidal radius of 83. 2 ± 7. 1, which is significantly smaller than the traditional value of 160 ± 50 by Irwin & Hatzidimitriou (1995) . Very recently, Cicuéndez et al. (2018) , also using DECam, and Okamoto et al. (2017) , with Suprime-Cam, challenged Roderick et al. (2016) 's findings by measuring a tidal radius of ∼ 120 . If assuming Roderick et al. (2016) 's tidal radius, our survey covers virtually the full extension of the Sextans. If the true r t is closer to the value given by Okamoto et al. (2017) and Cicuéndez et al. (2018) , our survey covers the galaxy completely along the semimajor axis, but it is incomplete along the semi-minor axis.
Observations were taken during 2 observing runs in 2014 and 2017. Table 1 summarizes the DECam observations. The advantage of the short periods of DC stars is that the light curves can be fully sampled with a few hours of observations. Our strategy consisted in obtaining continuous observations of our field in two bands (g and r) for several consecutive hours each night. In 2014, we covered 2 fields at each side of the center of Sextans, placed along the semi-major axis of the galaxy (Fields A and B, see Figure 1 ). In each of the first two nights of the 3-night run we gave priority to a different field in order of obtaining a set of continuous g, r exposures during ∼ 6 hours, and secure the observation of at least 1 full pulsational period of the DC stars. Nonetheless, a few observations of the other field were inserted through the night. The observing sequence consisted in 300 − 500s in g and r, respectively. The third night we alternated between the 2 fields continuously. In this observing run we collected ∼ 36 epochs per band per field. Although the cadence was designed for DC stars, having observations during 3 nights made the data-set suitable for longer period variables such as RR Lyrae stars and Anomalous Cepheids.
For the 2017 run we had only one night available so the observing strategy changed and we prioritized the number of epochs over multi-band observations. The goal for this run was to cover the central part of the galaxy (Field C). We ran sequences of 10 × 300s in g and 1 × 500s in r, consecutively for 5.5h, the time in which the galaxy was above an airmass of ∼ 1.8. In total we obtained 48 and 4 observations in g and r respectively. We note that CCD S30 was active during this run (contrary to the 2014 observing run). The seeing was stable and similar for both runs, with a median value of 1. 26. The moon was closer to Sextans during the 2017 observations. Consequently, the limiting g magnitude for the central field C is ∼ 0.5 mag brighter than for fields A and B (0.25 mags brighter in the r band). Data are available through the NOAO Science archive 1 .
Data Reduction and Photometry
Basic reduction of the data was done by the DECam Community Pipeline (Valdes et al. 2014) which includes a refinement of the WCS defined in the headers of the images. Point spread function (PSF) photometry was extracted from the images of each of the individual detectors in DECam using the DoPHOT software package (Schechter et al. 1993; Alonso-García et al. 2012) . The instrumental positions of the sources reported by DoPHOT were transformed into ecliptic coordinates using WCSTools and the astrometric information provided in the headers of the reduced images. Extended objects flagged by DoPHOT were eliminated.
For each field, we chose reference catalogs in both filters based on the number of objects detected, seeing and airmass. Photometry from the different epochs was first brought into the instrumental system defined by this reference catalog. Reference catalogs were first cleaned by eliminating all objects whose photometric error (σ rmstar ) was larger than the photometric error of most of the stars of similar magnitude. This process was accomplished by calculating a clipped mean and standard deviation (σ m , rms) of the DoPHOT individual errors for all objects in bins of 0.25 mags. A curve of maximum expected error (σ exp (mag) was defined as a spline function going through σ m + 5 × rms. Objects that had σ rmstar > σ exp were eliminated from our working catalog. This process was particularly important to eliminate spurious detections within large galaxies, which were abundant in these fields.
In the next step, all catalogs were matched to the reference catalogs using STILTS 2 (Taylor 2006 ) with a tolerance of 0. 7. Only objects having a minimum of 12 observations in both g and r were kept. For Field C which was observed very few times in the r band, the minimum number was set to 2 in that band. Each catalog was normalized to the reference by calculating zero point differences in each filter using all stars in common brighter than g, r = 20 mag, in each CCD. Typically there were ∼ 80 − 100 stars per CCD available for this calculation and the resulting rms was usually < 0.02 mag. The zero points calculated this way were applied to all stars in each photometric catalog.
In Figure 2 we show the standard deviation of the magnitude distribution for each star as a function of mean magnitude for fields A and C. Field B, not shown, is very similar to A. Errors increase to 0.1 mag at g = 23.1 in Fields A and B, and at g = 22.6 in Field C. Variable stars are recognized in a plot like this because the standard deviation of the magnitude distribu- tion is larger than the main locus observed in Figure 2 , which correspond to stars that keep a constant magnitude within their photometric error. To characterize the loci of non-variable stars we binned the data in 0.25 mag bins and calculated the (sigma-clipped) mean error, σ(m), and standard deviation, std(m), in each bin centered on magnitude m. We consider stars as variable candidates if they are located significantly above the locus (σ star ≥ σ(m) + 3 × std(m)) in both the g and r filters. In Figure 2 , particularly for Field C, is very obvious the number of variable star candidates at g ∼ 20.5. These stars correspond to the magnitude of the horizontal branch in Sextans which is populated by numerous RR Lyrae stars.
Absolute calibration was made using Pan-STARRS1 (PS1) DR1 3 photometry (Magnier et al. 2016) . Each field was calibrated separately. We matched stars with PS1 with a tolerance of 1 , selecting only stars with PS1 photometric errors < 0.05 mag. Linear transformation equations (zero point and color term) between our instrumental magnitudes and the PS1 stars were calculated for each field using stars from all CCDs. We found no need for doing this step in a CCD by CCD basis since the results were similar for all CCDs, but errors are minimized having a larger number of calibrating stars when using the full field. Between 2,000 and 3,500 stars were used for the calibration in each field. The rms of the fits are 0.02 mag in both g and r.
VARIABLE STARS IN THE INSTABILITY STRIP
Stars flagged as variable candidates, as described in the previous section, were searched for periodicity using a multi-band implementation of the Lafler & Kinman (1965) algorithm, as described in Vivas & Mateo (2013) . The method is a phase dispersion minimization algorithm in which the correct period is the one that produces a smooth phased light curve. To optimize the search, we imposed a color constrain in order to include only variable stars candidates in the instability strip. The color cut was loose enough, −0.5 < (g−r) < 0.62, to include a generous region around the instability strip but avoiding to search through the large number of very red sources present in the color-magnitude diagram (CMD).
To search for DC stars we used trial periods ranging from 0.03 to 0.15 days, while for RR Lyrae stars and Anomalous Cepheids, the range for searching was 0.15 to 0.9 days. The limited time baseline of the data does not allow to search for periodicity beyond 1 day. All stars passing the cut Λ > 2.0 as defined by Lafler & Kinman (1965) were visually inspected. The parameter Λ quantifies the significance of the period selected as the best. In order to account for possible aliasing and spurious periods, the three best periods within the search range were inspected. Periodic variable stars were finally selected during this inspection and classification was made based on the properties of the light curve (period and amplitudes) and their position in the CMD. Four stars had periods and lightcurves in agreement with them being either RR Lyrae stars or DC but they were not in the corresponding place in the CMD for their type. Most likely those stars are not Sextans members but just field stars in the foreground of the galaxy (but see discussion in §4).
Because there is overlap between fields, some variables were recognized independently in each field which gave us confidence in our selection method. In those cases, we chose the detection in Fields A and B over the ones in C since the latter does not have time series in r. Figure 3 shows the CMD of Sextans with the variable stars identified. To better see the features of the Sextans galaxy we limited the stars in the CMD to those inside an ellipse with a semi-major axis equal to the core radius of Sextans (we assumed the parameters derived by Roderick et al. 2016 , including an ellipticity of 0.29 and Position Angle of 56
• . 7). The narrow red giant branch and sub-giant branch of Sextans are clearly defined in this diagram. The HB contains numerous RR Lyrae stars. Figure 4 shows the spatial distribution of the different types of variables. In the next subsections we discuss the main types of variables found in Sextans, from fainter to brighter. 
Dwarf Cepheids
DC were the main goal of this work. A total of 16 DCs were detected, although 2 of them are significantly brighter than the rest and above the HB. It is very likely that these two DC stars are actually field stars (see Figure 3), although it is still puzzling that they are both inside the tidal radius of Sextans (Figure 4 ). Figure 5 shows the lightcurves of the DC stars. For each star we show the time series (top panels), and the phased light curves in both g and r (lower panels). The stars with only g data correspond to the ones detected in Field C. The time span of the observations in Field C was only 5.5 hours but the top panels clearly show that it was possible to cover 3-4 pulsational cycles and hence, we could easily determine the periods. The position, light curve properties (mean magnitudes, period and amplitudes) and distance to the center of Sextans (D Sex ) of these DC stars are recorded in Table 2 . The last column in the Table indicates if they belong to the Sextans galaxy or if they are field stars. The reported mean magnitudes in Table 2 are not plain averages but phase-weighted intensity-averaged magnitude calculated following Saha & Hoessel (1990) . This way to calculate the mean magnitudes avoid the biases toward minimum magnitudes (because as RR Lyrae stars, some DC stars also spend most of their pulsation cycle time at minimum light) and those biases that may appear in unevenly sampled lightcurves. The reported r magnitudes for stars in field C are straight average of the few (4) available measurements. Consequently, colors for these stars may not be the true mean color. The DC stars in Sextans occupy a narrow color range in the CMD, ∆(g − r) = 0.2 mag, but display a large spread in magnitude, over ∼ 0.8 mag in g, between 21.9 and 22.7 mag. Periods range from 0.05 to 0.09 days, with a mean of 0.0646 d. Most of the lightcurves shown in Figure 5 look similar to the asymmetrical type ab RR Lyrae stars, although a few ones seem more sinusoidal. However, it is well known that pulsation mode cannot be recognized in DC stars based neither on the lightcurve shape nor in a Period-Amplitude diagram (eg. Vivas & Mateo 2013 ). Thus, the asymmetrical lightcurves in this case do not necessarily mean that those DC stars are pulsating in the fundamental mode. The amplitudes of variation displayed by the DC stars is large, ranging from ∆ g = 0.58 to 1.14 mags, with a mean of 0.87 mags. It is possible however that given our photometric errors (∼ 0.1 mag at g = 22.6 in the central Field C) we are missing lower amplitude variable stars. In Figure 6 we show the g-band amplitude of the DC stars as a function of mean g magnitude. Based in our past experience in Carina (Vivas & Mateo 2013) , it should be possible to detect variables with amplitudes of > 0.2 mags if the photometric errors are 0.05 mag. When errors increase to ∼ 0.09 mags, the minimum amplitude that can be detected is ∼ 0.4 mags. Accordingly, the dotted and dashed lines in Figure 6 show the minimum amplitude that can be detected in our survey. Although, we indeed may be missing low-amplitude variables, particularly in the central Field C, it is nonetheless surprising that the lowest amplitude of our DC stars is ∼ 0.6 mag, well above our detection limit. Galaxies like Carina or the LMC have plenty of stars with amplitudes in the range 0.2-0.6 mags (Garg et al. 2010; Vivas & Mateo 2013) . A comparison of the properties of DC stars in Sextans with other extra-galactic systems will be discussed later in this paper.
RR Lyrae stars
RR Lyrae stars are by far the most numerous group of variable stars in Sextans. We detected 199 RR Lyrae variables, 65 of which are new discoveries and 2 are likely foreground stars. RR Lyrae stars have been detected in Sextans before by Mateo et al. (1995) and Amigo (2012) , although their studies only cover the central part of the galaxy (Figure 7) . Lee et al. (2003) had also previously selected RR Lyrae star candidates in an area similar to Amigo (2012) based on variability between two different epochs, but clearly, characterization of the light curves was not possible. More recently, two large scale RR Lyrae star surveys covered, partially, the Sextans galaxy. The La Silla-QUEST survey (LSQ, Zinn et al. 2014 ) covers the full extent of Sextans but the faint limit of that survey is just at the magnitude of the HB in Sextans. Consequently, only a handful of stars were detected. Interestingly, there is 1 star from that survey just outside the Roderick et al. (2016) 's tidal radius of Sextans (although it is inside if considering the tidal radius by either Irwin & Hatzidimitriou (1995) or Cicuéndez et al. (2018) ). On the other hand, the High cadence Transient Survey (HiTS, Förster et al. 2016; Medina et al. 2018 ) studied 3 DECam fields near (but not centered) on Sextans and measured 66 RR Lyrae stars, many of them being new discoveries since their fields were located in the outskirts of Sextans. Joining all these works together, Sextans has 227 RR Lyrae stars (Figure 7) . We missed several of the known RR Lyrae stars due mostly to the gaps between the CCDs since our observations were not dithered. Coordinates, light curve properties and identification in other surveys of all RR Lyrae stars detected in this work is provided in Table 3 and their light curves are shown in Figure 8 . Figure 7 . Distribution in the sky of RR Lyrae stars in the Sextans dSph. The color code indicates the first work that identified each RR Lyrae star. The two ellipses correspond to the core radius (rc = 26.8 ) and tidal radius (rt = 83.2 ) as determined by Roderick et al. (2016) . Although most of the RR Lyrae stars are concentrated toward the center of the galaxy, there are several in the outskirts. In particular, there are 3 RR Lyrae stars outside the tidal radius (as determined by Roderick et al. (2016) ), one from La Silla-QUEST survey (Zinn et al. 2014 ) and two from this work.
For the stars in field A and B, which have good sampling over the full lightcurve in both the g and r filters, we fitted templates to the data in order to better characterize the lightcurve. We used the library of templates set up by Sesar et al. (2010) based on SDSS Stripe 82 RR Lyrae stars. We first fitted the template in the band containing the larger number of epochs. The fitting was done by χ 2 minimization, covering a range of periods, initial phase, amplitude and magnitude at maximum light around the observed values and the period given by the Lafler & Kinman (1965) 's method. We used the resulting period and initial phase as constants to fit the template in the other band. An example of a star for which we applied this procedure is RR1 (see Figure 8) .
On the other hand, the time baseline of the observations in Field C (the central field) was not adequate for RR Lyrae stars since only covered a fraction of a single pulsation cycle. The search for RR Lyrae stars was done Table 3 is published in its entirety in the machine-readable format. A portion is shown here for guidance regarding its form and content.
in a different way in this field. In 5.5 h of continuous observations we covered about ∼ 35% of the pulsation cycle of type ab stars and ∼ 75% of the cycle for RRc. These are long enough ranges for recognizing RR Lyrae stars in a simple look at the Julian date versus magnitude plot. Thus, we looked for continuous variation in the time series of the variable star candidates in the selected color range. No attempt of period finding was performed. However, since the central field of Sextans has been explored before for RR Lyrae stars, we used the known periods of stars in common with other studies and fitted lightcurve templates to the time series. During the fitting process we allowed generous variations on amplitude (around the literature value), initial phase and magnitude at maximum light, but the period was kept constant. Star RR8 (Figure 8 ) is an example of one of the stars in which this procedure was used. The mean magnitude reported in Table 3 was obtained by integrating the template in intensity units and transforming back to magnitude the result. In average, the rms of the template fits is ∼ 0.03 mag. The mean r for stars in Field C are straight averages of the available observations.
There were however, several RR Lyrae star candidates (29 stars) in Field C which were not known before and without a knowledge of the period we cannot characterize the light curve. Their location in the CMD and the smooth variations observed in the 5.5h-period, secure their classification as RR Lyrae stars. We report them too in Table 3 and Figure 8 (see for example star RR 11). Mean magnitudes for the stars in this group are simple averages of the available observations in each band.
Among the Sextans RR Lyrae stars, we were able to classify 125 as RRab, 41 as RRc, and 2 as RRd. As mentioned before, 29 stars were not classified due to insufficient time coverage. The ab and c groups have mean periods of 0.616d and 0.369d, respectively. The mean period of the RRab stars in Sextans classifies this galaxy in the class Oosterhoff-intermediate, in agreement with previous works (Mateo et al. 1995) . A full discussion on the properties of RR Lyrae stars in Sextans will be deferred to a future paper (Martínez-Vázquez et al, in preparation).
Two RR Lyrae stars (RR33 and RR47) have been classified as double mode pulsators, or RRd. RR33 was previously known (C9 in Amigo 2012) and our classification is in agreement with the one given by Amigo (2012) . No template fitting was possible in those cases. Table 3 reports the first overtone periods. Fundamental periods are likely 0.580d and 0.554d for RR33 and RR47 respectively. Seven additional stars (RR32, RR39, RR49, RR112, RR128, RR133 and RR144) have been also reported by Amigo (2012) to be double mode pulsators. However, our limited time coverage data on these stars, all of them in Field C, show them as c-type pulsators, which is the classification we have given in Table 3 .
Other two RR Lyrae stars (RR198 and RR199) have mean magnitudes significantly brighter than the horizontal branch of Sextans (see Figure 3) . They are also located well outside the Roderick et al. (2016) 's tidal radius of the galaxy (Figure 7) . Thus, these 2 stars are likely field stars along the same line of sight of Sextans, although we discuss the possibility that they are actually Anomalous Cepheids of Sextans in §4.
Anomalous Cepheids
Anomalous Cepheids are a common type of variable stars found in dSph galaxies (Clementini 2014) . Their existence in these galaxies is usually interpreted as due to the presence of an intermediate age population since these are metal-poor, 1.3-2.0 M stars in the core he- Figure 8 . Light curves of the RR Lyrae stars detected in this work. The top panel for each star is the time series in days from the time of the first observation. This encompass 3 consecutive nights for some stars (those in fields A and B), and only 5.5 hours (or ∼ 0.23d) for stars in Field C. For the later group, only g time series are available, and phase light curves (two lower panels for each star) are shown only for stars with previously known periods (see text). The complete figure set (13 images) is available in the online journal.
lium burning phase (Fiorentino & Monelli 2012) . However, an additional mechanism to bring stars to this part of the instability strip is through mass transfer in an old binary system (Gautschy & Saio 2017) . Mateo et al. (1995) identified 6 Anomalous Cepheids in Sextans, and Amigo (2012) increased that number to 8. Here, we have recovered 6 of them (the other two were in gaps between the DECam CCDs), and we found an additional star, AC7 in Table 4 . Similar to what we did for the DC stars ( § 3.1), the mean magnitudes in Table 4 are phase-weighted intensity-averaged values, except for the r band in field C, which are just straight averages. Because the light curves of these stars are not compeltely sampled, the reported mean magnitudes may not be accurate. The 6 known Anomalous Cepheids were all located in field C and consequently our data does not constraint well the light curve properties. The periods listed in Table 4 for these stars comes from Amigo (2012) . The amplitudes in the table come from our data but they are not well constrained since we do not observe a full cycle for these stars. This is particularly true for AC3 and AC4 for which we cover only part of Figure 9 . Light curves of the 7 Anomalous Cepheid stars detected in this work. The top panel for each star is the time series in days from the time of the first observation. The two lower panels show the phased light curves in g and r. Periods for AC1 to AC6 were taken from Mateo et al. (1995) and (Amigo 2012) . Only for AC7 (a new discovery) we were able to determine the period from our own data. the lightcurve at minimum light. Our new discovery, AC7, was located in Field B and the period and amplitudes in both g and r are well constrained by our data, and its properties and location in the CMD agree well with the classification as an anomalous Cepheid.
Surprisingly however, AC7 is not located toward the center of the galaxy as the rest of the Anomalous Cepheid stars in Sextans. Instead, it is located just outside the tidal radius of the galaxy (as measured by Roderick et al. 2016) . We considered the possibility that this star is actually a foreground RR Lyrae star within our footprint. The amplitude and shape of the light curve seem to indicate this may be a RRab star. The period (0.4104 d) is somewhat short for a RRab star, but not completely impossible (Samus et al. 2017 ). AC7 has a mean g magnitude of 19.72, which will locate this star at ∼ 53 kpc from the Sun (after correcting by interstellar extinction) if it were an RR Lyrae star. Stars at such large distances in the Galactic halo are rare. We integrated the number density radial profile of RR Lyrae stars derived by Medina et al. (2018) using a large sample of distant stars, and found that we should expect 0.25 RR Lyrae stars in the range of distances 50-60 kpc in the 7 sq degree area covered by our survey. Thus, it would not be completely impossible this is indeed a foreground RR Lyrae star. However, short period ab-type RR Lyrae stars are usually associated with high metallicity (for example, Skarka 2014; Maintz & de Boer 2005) , which would be unusual given its large distance from the Sun and location above the galactic plane (b ∼ 40
• ). We discuss more on the spatial distribution of the variables in Sextans and the possibility of extra-tidal variable stars in the next section. Figure 4 shows that the distribution in the sky of the bulk of the variables detected in this work is concentrated toward the center of the galaxy, in a rather "boxy" shape following the distribution of the Sextans stellar population (see stellar density maps in Fig 7 and  13 in Roderick et al. 2016 ). More than half of the variable stars (58%) are indeed contained within the 26. 8 core radius of Sextans. This central concentration distribution holds for the three type of pulsating variables that we have found in this work. This is not a selection effect since, actually, we have better temporal coverage and deeper observations in the two outermost fields of our survey.
SPATIAL DISTRIBUTION OF THE VARIABLE STARS IN SEXTANS
There are 3 variable stars, 2 RR Lyrae stars (RR196 and RR197) and 1 Anomalous Cepheid (AC7) which lie outside the 83. 2 tidal radius of Sextans. As discussed before ( §2), the above tidal radius (Roderick et al. 2016 ) is significantly smaller than the ones given in other works in the literature. In the discovery paper, Irwin et al. (1990) measured a tidal radius of 90 , which was revisited later by Irwin & Hatzidimitriou (1995) to r t = 160 . Recently, both Okamoto et al. (2017) and Cicuéndez et al. (2018) suggested also a large tidal radius, 120 . Thus, the possibility of being extra-tidal stars only holds if the tidal radius is indeed as short as suggested by Roderick et al. (2016) .
The three stars presumed to be extra-tidal are located toward the NE side of Sextans. This, however, may be a selection effect since we covered the galaxy only along the semi-major axis and thus, we cannot say if there is debris along the semi-minor axis. Evidence for extra-tidal material in this galaxy is hard to prove because of its large low surface brightness and large field contamination specially at large distances from its center. Variable stars are then a particular useful tracer of possible extra-tidal material and the stars we have found may indicate the galaxy is disrupting. In order to further test this scenario we studied the proper motions of the variable stars in Sextans in Gaia DR2 (Gaia Collaboration et al. 2016 , 2018a . First, we isolated Sextans stars (variable or not) by selecting from all DR2 objects within the core radius of Sextans (black + symbols in the upper left panel of Figure 10 ) those in the red giant branch and horizontal branch of Sextans that have errors in the proper motion < 2 mas/yr (red circles in Figure 10 To select this population we used our full catalog but did not include either stars inside the locus of the HB and red giant branch nor stars with proper motion errors > 1.0 mas/yr. Although some contamination by Sextans stars seems to still be present in this figure, it is clear that the foreground population in the field concentrates in the fourth quadrant of this diagram (negative proper motions in both coordinates) which mostly separates from the bulk of the Sextans population.
We then matched our list of variable stars with Gaia DR2. Out of our list of 222 variables stars (of all types), a total of 117 have measured proper motions in the Gaia DR2 dataset. As expected, none of the DC stars in our sample had a counterpart in DR2 since these stars are beyond the Gaia limiting magnitude. All the Anomalous Cepheids but AC1 had a proper motion measurement. In Figure 10 (right) we show the proper motion of the RR Lyrae stars and Anomalous Cepheids found in Gaia. As expected, they nicely clump together around the Sextans proper motions. Our 3 possible extra-tidal stars are labeled and shown with large symbols in Figure 10 (right). All three of them have proper motions in agreement with being Sextans members, and may be extratidal material. In particular, AC7, which is a bright star (g = 19.72), has relatively small error bars in its proper motion (σµ α = 0.90 mas/yr, σµ δ = 0.83 mas/yr) and it is within 1σ from the mean proper motion of Sextans.
In the right panel of Figure 10 we also highlight the case of RR199 which is one of the two RR Lyrae stars that we classified as a field variable. The other star is RR198 which unfortunately has no counterpart in Gaia DR2. These two stars were also located outside the tidal radius of Sextans (blue squares in Figure 4 ) but were marked as RR Lyrae stars because of their location as well as the fact that they were quite bright, brighter than the rest of the Anomalous Cepheid stars. The period range of Anomalous Cepheids overlaps with that of the RR Lyrae stars and there is no easy way to distinguish one from the other if the distance is not known (Catelan & Smith 2015) . If they were RR Lyrae stars, their magnitudes locate these stars at 28 and 29 kpc from the Sun. We expect 1 (±1) halo RR Lyrae star in our footprint with distances between 25 and 35 kpc, according to the number density profile of the halo by Medina et al. (2018) . The proper motion of RR199 however shows compatibility with being a Sextans member. This opens the possibility that RR199 is not really a field RR Lyrae star but a extra-tidal Anomalous Cepheid in Sextans, similar in that respect to AC7. RR199 is separated by 2 mags from the mean of the RR Lyrae stars in the Sextans HB (open blue squares in Figure 3 ). This large ∆mag between the Anomalous Cepheid and the HB has been observed also in other systems, for example, in Carina (Coppola et al. 2015) and Leo I (Stetson et al. 2014) , although the latter may contain a mix of Anomalous Cepheids and short-period Classical Cepheids. For RR198 there are no proper motions available but it has similar properties to RR199 in the CMD. Both stars are also located toward the NE side of Sextans, similar to the other extra-tidal variable stars mentioned above. Radial velocities are needed to settle if they are indeed MW foreground RR Lyrae stars or Sextans Anomalous Cepheid variables. Figure 11 . Map (RA versus DEC) of the color excess E(B-V) from Schlegel et al. (1998) toward each variable star found in this work (squares, RR Lyrae stars; circles, dwarf Cepheids; diamonds, Anomalous Cepheids). The two ellipses correspond to the rc and rt as determined by Roderick et al. (2016) .
THE DISTANCE TO SEXTANS FROM ITS RR LYRAE STARS
Before introducing the behavior of the Sextans DC stars in a PL diagram and comparing with other works, we will anchor the distance of Sextans to its RR Lyrae stars. Mean magnitudes for the variable stars were corrected by interstellar extinction using the following equations with coefficients taken from Schlafly & Finkbeiner (2011) for PS1 magnitudes (their Table 6 ), in combination with the color excesses E(B − V ) from the dust maps of Schlegel et al. (1998) : A g = 3.172E(B −V ) and A r = 2.271E(B − V ). A map of the color excess in the Sextans region is shown in Figure 11 . Although this is a high latitude region, the area covered by Sextans is large enough that significant differences in reddening are observed throughout the galaxy.
We used the following g and r Period-LuminosityMetallicity (PLZ) relationship for RRab stars in the PS1 magnitude system, taken from Sesar et al. (2017) :
(1) (Kirby et al. 2011 ). The dependence with period of these relationships is in excellent agreement with our data (Figure 12 ). To calculate the mean distance modulus to Sextans from the RRab stars we used only the 42 stars for which we had complete coverage of their lightcurves (the ones in fields A and B). They are shown as solid circles in Figure 12 . Although we fitted reasonably well templates to the g light curves of stars in Field C, for many stars the coverage of the observations is not enough to cover the full amplitude of the variation, and there is uncertainty in the final amplitudes. This is particularly true for stars which do not have observations near maximum light (see for example RR29 in Figure 8) . Consequently, the mean magnitude of the RR Lyrae stars in field C, which is calculated integrating the fitted template, may not be accurate. Figure 12 shows the stars in Field C ("+" symbols in Figure 12 ) also follow the PLZ of the well observed stars but, understandably, they display more dispersion. In the r band the dispersion is even larger since there are only 4 observations per star in this band and the mean magnitudes are straight averages of those. Among the sample of well observed RR Lyrae stars, one star, RR175, is significantly brighter than the rest of the stars in both bands. It is possible that RR175 is either an evolved RR Lyrae star or an Anomalous Cepheid.
The mean distance modulus and error of the mean from the g lightcurves of 41 RRab stars (excluding RR175) are 19.64 ± 0.01 mag, while in the r band, we obtained 19.677 ± 0.008. These are equivalent to 84.7 and 86.2 kpc from the Sun, which are in excellent agreement with previous estimates, for example, 84.2 kpc from Medina et al. (2018) and 86 kpc from Mateo et al. (1995) and Lee et al. (2009) . Because most of the DC stars were observed only in the g band, we will assume the distance modulus from that band in the following analysis.
THE PERIOD-LUMINOSITY RELATIONSHIP OF DC STARS IN SEXTANS
A plot of the extinction-corrected g magnitude, g 0 , versus the logarithm of the period (lower panel in Figure 13 ) of the 14 DC stars in Sextans shows a clear trend with the shorter period variables being fainter than the ones with longer period. There is a lot of scatter in the data though, likely due to the fact that our sample may contain stars pulsating in different modes. As discussed before ( §3.1) there is no unambiguous way to recognize a fundamental (F) mode pulsator from a first overtone (FO) one with the data at hand, and different pulsation modes obey different PLZ relationships (e.g. Nemec et al. 1994) .
Since the distance to Sextans has been set by the RR Lyrae stars, we can use known PLZ relationships of DC stars to infer their pulsation mode. Nemec et al. (1994) derived such relationships but in the Johnson V band. Thus, we transformed our mean g and r magnitudes (in the PS1 system) of the DC stars in Sextans to V using:
from Tonry et al. (2012) . The extinction corrected V 0 magnitudes (obtained using Schlafly & Finkbeiner 2011) versus the logarithm period are shown in the top panel of Figure 13 , which also shows both the F and FO relationships from Nemec et al. (1994) Figure 13 . (Top) Extinction corrected V magnitude (transformed from our g and r) versus the logarithm of the pulsation period for the 14 DC stars found in Sextans. The red lines correspond to the PLZ relationships given by (Nemec et al. 1994) 
Anchoring these equations to the distance modulus given by the RR Lyrae stars, the PL relationship for Sextans (F mode) DC stars are:
M g = −2.01 log P + 0.29
The resulting slope in our V -PL relationship is, within errors, compatible with the one provided by Nemec et al. (1994, −2.56±0.54) . Surprisingly, the slope is somewhat shallower than the slopes given by McNamara (2011); Cohen & Sarajedini (2012) ; Poretti et al. (2008) and Fiorentino et al. (2015) . The slope of the PL in Carina (Vivas & Mateo 2013) , however, is even shallower (−1.68). These apparent discrepancies between different works demonstrate the need to continue gathering data of DC stars in other systems in order to study the effects of local conditions (age, metallicity, star formation history) in the PL relationship.
THE DC POPULATION IN SEXTANS AND OTHER GALAXIES
To date, DC stars have been searched and found in 6 of the "classical" satellites of the Milky Way, including this work, and in 2 Ultra-Faint Dwarf (UFD) satellites. The number and mean period of the DC population in those systems is summarized in Table 5 . The search in Sagittarius, however, is incomplete since no dedicated survey in this galaxy has been done. The 3 stars listed in Table 5 refers to stars serendipitously discovered in the background of the M55 globular cluster.
In Figure 14 we show the period distribution of the DC stars in the 5 satellite galaxies with a large number of known DC stars. We do not include either Leo IV nor Coma Berenices because they have only 1 star each (see Table 5 ). The figure includes DC stars in the LMC from two different experiments: OGLE-III (Poleski et al. 2010) and Super-MACHO (Garg et al. 2010) . The period distribution is quite different among those two samples that we show them separately. The DC stars in the SuperMACHO sample (Garg et al. 2010 ) have a mean period of 0.074 d and the distribution is not that different from that of Fornax, which has a mean period of 0.07 days. On the other hand, Poleski et al. (2010) shows a much wider period distribution among the DC stars measured by OGLE-III, with a long tail toward long periods, which is not observed in any of the other data-sets. The DC stars in Sextans have a very similar mean period as the ones in Sculptor (Martínez-Vázquez et al. 2016) . As Sculptor, the distribution shows a peak at ∼ 0.055 d but have a tail toward longer periods. None of these two galaxies have stars with periods longer than 0.12 d. Carina's sample also peaks at the same period but the distribution is more symmetrical with no extension toward longer periods. Surprisingly, the 2 DC stars in the UFD galaxies have significant longer periods (0.099 and 0.125 d), than the mean of the other galaxies. To search for DC stars in other UFDs will be interesting in order to confirm this trend.
The Sextans population of variables is not that different from Sculptor. Sextans has 14 DC stars and 227 RR Lyrae stars. On the other hand, from Martínez-Vázquez et al. (2016) , Sculptor has 23 DC stars and 523 RR Lyrae stars. The ratio of DC stars to RR Lyrae stars is then Table 5 .
1:16 and 1:22 in Sextans and Sculptor, respectively. On the contrary, the ratio is ∼1:1 in Fornax (Poretti et al. 2008) , and Carina stands significantly apart from these other galaxies in having a ratio of 5:1, meaning it contains more DC than RR stars. Both Sextans and Sculptor are galaxies that are dominated by an old population with only small contributions from younger stellar populations, which is not the case for the other classical dwarfs in Table 5 .
8. SUMMARY AND CONCLUSIONS A full survey of Sextans had been difficult in the past due to its large extension in the sky and large distance from the Sun. The combination of the large FoV of DECam with a 4m telescope allowed us to search for variable stars in the instability strip of the Sextans dSph galaxy, down to magnitude g ∼ 23. The survey, covering 7 sq degrees, covers a large part of the galaxy. Although the true size of Sextans is controversial, if the small scale tidal radius by Roderick et al. (2016) is confirmed, this would be the first time that a full census of pulsating variable stars is done in the whole galaxy. We found 7 (Poleski et al. 2010 ).
b Both catalogs were merged and duplicates were eliminated. c In the background of the M55 globular cluster.
Anomalous Cepheids, 197 RR Lyrae stars and 14 DC. In addition, there are 4 stars with properties of either RR Lyrae stars or DC but in a location within the CMD that suggest they are rather Milky Way foreground stars. In this paper we focused on two aspects of the survey: (i) the spatial distribution of the variable stars, and (ii) the properties of the DC population. Variable stars have been used in the past to trace extra-tidal material in stellar systems. For example, one of the first hints on the existence of long tidal tails coming from the Sagittarius dwarf came indeed from RR Lyrae stars (Mateo et al. 1996; Vivas et al. 2001) . Extra tidal variable stars have also been found in Carina (Vivas & Mateo 2013) , Hercules (Garling et al. 2018 ) and Tucana III (Martínez-Vázquez et al, in preparation). Our survey extends beyond the Roderick et al. (2016) 's tidal radius of Sextans along the direction of the semi-major axis and provides an opportunity to trace any possible sign of debris outside the tidal radius. Indeed, we found 2 RR Lyrae stars and 1 Anomalous Cepheid outside the tidal radius of Sextans. Not only these stars are located in the right place in the CMD to be considered Sextans members, but also they have Gaia proper motions consistent with the bulk of the Sextans population. There is an additional extra-tidal RR Lyrae star in La Silla-QUEST survey which is just outside our footprint. A very rough estimate of the amount of tidal debris can be obtained considering there are 3 extra tidal RR Lyrae stars out of a total of 227 (including the ones from other surveys that we missed due to the CCD gaps). This suggest a minimum of 1% of material outside the tidal radius. That is just a lower limit because our survey do not cover regions outside Sextans along the semi-minor axis and thus, if the extra-tidal material is more uniformly distributed, we can be missing part of it. If Sextans is larger as suggested by Irwin & Hatzidimitriou (1995) , Okamoto et al. (2017) and Cicuéndez et al. (2018) , all variable stars are inside the tidal radius. In that case, our survey does not have enough coverage to study if extra-tidal material indeed exists.
In an analysis of the stellar populations of Sextans done, also with DECam, by Roderick et al. (2016) , the authors conclude that the Blue Straggler (BS) population is more centrally concentrated that the Blue HB population which suggest that most of the BS stars may be main sequence stars from an intermediate-age population. The specific star formation history of Sextans may be responsible of such population gradient (Lee et al. 2009 ). We find support to this scenario with our variable stars. The RR Lyrae stars, an unequivocal old-age tracer, are more widely distributed than the DC population, which are variable BS stars. No DC stars were found in the external part of Sextans. An interesting additional puzzle comes from the Anomalous Cepheid stars. There is, at least, 1 extra tidal Anomalous Cepheid in Sextans, but there is a possibility that two stars that we classify originally as foreground RR Lyrae stars are indeed Anomalous Cepheid, in which case, they would also be extra-tidal stars. Anomalous Cepheids are usually regarded as intermediate-age population but they do not have the same spatial distribution as the DC stars. A possible explanation to this apparent discrepancy may come from the idea that some Anomalous Cepheids are produced through binary evolution (Gautschy & Saio 2017) , of old stars in this case.
The second aspect in which we focused in this paper was the DC population. With the DC stars found in Sextans, there are now 5 local group galaxies which have been adequately surveyed for this type of stars: LMC, Fornax, Carina, Sculptor and Sextans. These galaxies cover a wide range of properties and different star formation histories. The DC population seems to change accordingly. Sextans and Sculptor, two galaxies dominated by an old population, have relatively few DC stars. The RR Lyrae variables dominate the number of pulsating variables in those galaxies. On the contrary, galaxies with strong young and intermediate age population have a rich population of DC stars; in the case of Carina, for example, there are several times more DC than RR Lyrae stars. The increased census of known DC stars in these different systems provide constraints on models of production of DC stars under different environmental conditions.
The increased census is also useful to investigate the use and limitations of DC stars as standard candles. In this work we set a PL relationship which is anchored to the distance modulus obtained by the RR Lyrae stars. The resulting PL relationship has a dispersion of only 0.04 mag. In the future, we plan to explore the possibility that a metallicity-independent PL relationship like the one obtained by Cohen & Sarajedini (2012) with data from only a few galaxies, can be used globally.
Sextans has a rich population of RR Lyrae stars compared with its DC population. It is clear then that RR Lyrae stars would be the ideal choice for standard candles in this galaxy. They are not only more numerous but also brighter than DC stars. However, not necessarily RR Lyrae stars are as abundant in other systems. Carina (Vivas & Mateo 2013; Coppola et al. 2015) has more DC stars than RR Lyrae stars. Leo T (Clementini et al. 2012) has only 1 RR Lyrae stars but several Anomalous Cepheids. Just recently, a very young, disrupting open cluster was discovered in the Milky Way's halo (Price-Whelan et al. 2018) ; given its young age, this system presumably does not have RR Lyrae stars. These examples illustrate the importance of setting up alternative standard candles that trace different stellar populations. DC stars will be observed by LSST to large distances and will potentially provide a tool to study halo substructures and stellar populations to very large distances in the Galactic halo.
